Neisseria gonorrhoeae multi-antigen sequence typing (NG-MAST) is a highly discriminatory molecular typing procedure that provides precise and unambiguous strain characterization. Since molecular typing can complement contact tracing for reconstructing gonorrhea sexual networks, the concordance between the NG-MAST genotypes of pairs of isolates of N. gonorrhoeae from recent sexual contacts was examined. Among 72 pairs of gonococci from recent sexual contacts, the genotypes of each pair were concordant in 65 cases (90.3%). In two further pairs, the isolates from sexual contacts differed by only a single non-synonymous substitution in the porin gene and, in both of these pairs, the isolates were the same by opa-typing. The other five non-concordant pairs of isolates were clearly different strains. Opa-typing data were available for 51 of the pairs of isolates from sexual contacts and concordant opatypes were obtained in 38 cases (74.5%). NG-MAST should therefore be better than opa-typing at identifying recent sexual contacts and has the important advantage over opa-typing of being a more precise method of strain characterization.
INTRODUCTION
Typing of Neisseria gonorrhoeae isolates has provided a valuable adjunct to contact tracing for reconstructing sexual networks (3, 14) , and for identifying individuals predicted to be in the same sexual network (2, 6) . Phenotypic typing methods for gonococci, for example the combination of auxotype and serovar, lack sufficient discrimination for this purpose, but a number of more discriminatory molecular methods have been developed. Of these, pulsed-field gel electrophoresis and opatyping are considered to be the most highly discriminatory, but have the disadvantage that they require the comparison of complex DNA fragment patterns on agarose or acrylamide gels (7, 11). More recently there has been a move towards the use of digital data for molecular typing, as this is more suitable for the development of molecular typing internet databases and the unambiguous comparison of new isolates with those already deposited in the database. In gonococci, the sequences of the porin (por) gene, and fragments of both por and the transferrin-binding protein subunit B gene (tbpB), have been evaluated for molecular typing (10, 12, 13) . These genes show high levels of sequence diversity among strains, as they are believed to evolve rapidly, since their gene products are surface-exposed and targets of the host immune response to infection. The combination of the sequences at por and tbpB have been used to develop N. gonorrhoeae multi-antigen sequence typing (NG-MAST). In this procedure each unique sequence at each locus is given a different allele number, so that a strain is defined unambiguously by two digits, corresponding to the allele numbers at por and tbpB. Each different two digit number is assigned as a distinct sequence type (ST) which is used to describe the strain (10) .
Rapid diversification of the loci used to characterise gonococci provides very high levels of discrimination between strains, but too high rates could lead to slight differences in the genotypes of isolates recovered from recent sexual contacts. We therefore used NG-MAST to examine the concordance between the genotypes of isolates of N. gonorrhoeae recovered from recent sexual contacts, to assess its use in supporting traditional contact tracing methods, and compared the concordance with that obtained using opa-typing. Previously identified alleles and STs were obtained by interrogating the NG-MAST website (www.ng-mast.net); previously unrecognised alleles and allele combinations were submitted to the website to obtain the new allele and ST numbers. Opa-typing was performed as described by O'Rourke et al. (11) using TaqI. Isolates were considered to have the same opa-type if the DNA fragment patterns were indistinguishable. Genotypic diversity was measured using Simpson's index of diversity (5) with its 95% confidence limit (4).
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Identification of recent sexual contacts. Exhaustive contact tracing of individuals
with gonorrhea in Sheffield allowed the reconstruction of components of the sexual network. These data were used to identify named sexual contacts where the N.
gonorrhoeae isolates were available for molecular typing. We then evaluated the concordance between the genotypes of the gonococcal isolates recovered from pairs of individuals in Sheffield who were most clearly identified as recent sexual contacts. were characterised by NG-MAST and confirmed the presence of the two major strains, which corresponded to ST12 and ST261 (16.2% and 26.3% of the isolates, respectively). Several of the pairs of sexual contacts were infected with ST12 or ST261 and it is possible that in some sexual contacts infection with these prevalent strains had not been passed from one contact to the other, but that the same strain had been independently acquired from additional sexual contacts. We therefore excluded pairs of sexual contacts who were both infected with either ST12 or ST261 and reexamined the proportion of sexual contacts infected with the same strain. Of the remaining 32 pairs of sexual contacts, 27 (84.4%) were infected with the same strain.
A C C E P T E D
Two of the non-concordant pairs in this subset were those that differed at a single non-synonymous nucleotide site, and if these pairs are both considered to be infections with the same strain, the concordance increased from 84.4% to 90.6%.
Isolates were also available from contact tracing carried out in Sheffield between May 1999 and April 2000. In this later time period ST12 and ST261 were absent or rare isolates with single non-synonymous substitutions in por are considered to be the same strain).
Analysis of the sexual network components that include non-concordant strains.
Excluding the two pairs of isolates that differed at a single site within por, there were five pairs of isolates that were non-concordant. Four pairs were infected with completely different strains, having multiple differences in both tbpB and por. The fifth pair had the same tbpB allele and three non-synonymous differences in por, changing amino acids in loops five and six. The isolates in the latter pair had different opa-types and were also considered to be completely different strains.
The components of the sexual network that included these five non-concordant pairs were examined. Four of the pairs were from two sexual network components. One involved a male (S109) infected with ST224 who named four female contacts, all within a period of a month ( Figure 1A ). Isolates were available from three of these contacts, all of which were ST261. The different isolates from the male and two of the female contacts contributed two of the five non-concordant pairs of strains. The isolate from the third female contact (S107) was not included as there was not mutual naming. Isolates from two additional male contacts of this latter female were both also ST261. It is assumed that during the one month period in which these isolates were recovered, the male at the centre of the network (S109) had been infected with The fifth non-concordant pair was from a small network component ( Figure 1C ) of one male who reported three female sexual contacts; one female was infected with the same strain as the male (ST51), one with a different strain (ST276), and no isolate was available from the third. Although we consider ST51 and ST276 to be different strains they do share the same tbpB allele. However, the por alleles differ at three nucleotides, spread over a 135bp region, indicating that for them to be minor variants of the same strain, either three independent mutations in por, or a single recombinational replacement, would have had to occur between sexual contacts. We therefore prefer the cautious view that they are different strains. Constructing gonorrhea sexual networks is difficult as contact tracing is time consuming, and usually incomplete (1), and molecular typing can be combined with contact tracing to build a more complete picture of the sexual network (3, 14) . A major requirement for using molecular typing for this purpose is that the typing method should be highly discriminatory, so that many different strains can be shown to be circulating in the community, and yet isolates from recent sexual contacts should usually be indistinguishable. NG-MAST is one of the most convenient and discriminatory of the available molecular typing methods for N. gonorrhoeae but, excepting an analysis of 10 pairs of isolates from sexual contacts that were pre- as we are aware there is no information on the degree of concordance between the genotypes of isolates from known sexual contacts obtained using this method.
DISCUSSION
In this study the degree of concordance using NG-MAST and sexual contact tracing data was 90.3-93.1%, the upper value included the two pairs of isolates that differed at a single non-synonymous site within por as the same strain. Concordance was higher for NG-MAST than opa-typing, presumably because variation in the opa gene repertoire occurs more rapidly than that in por and tbpB. Two examples were found of changes in an ST between sexual contacts due to single non-synonymous nucleotide substitutions in por, which have presumably occurred in one of the sexual contacts as a result of selection imposed by the host immune response, which is consistent with the fact that in both cases they alter an amino acid within a predicted surface-exposed loop in the porin protein.
The other examples of non-concordance were due to completely different strains in sexual contacts, presumably due to additional infections from other sexual contacts or mixed infection, and in such circumstances non-concordance is inevitable with any molecular typing method. Previous studies have shown mixed gonococcal infections occur not infrequently but are difficult to detect after culturing, presumably due to over-growth of one of the strains (9). Non-concordance has been observed using other molecular typing procedures. For example, 2/17 pairs of isolates from sexual contacts in Baltimore were non-concordant using opa-typing and 1/17 of these pairs were non-concordant using por sequences (13) . The degree of concordance with NG-MAST in this larger study was therefore similar to that observed for these other molecular typing procedures. NG-MAST therefore provides a molecular typing procedure that is well suited as an adjunct to contact tracing for re-constructing sexual networks and for this purpose appears to be slightly better than opa-typing, as concordance was higher. Perhaps more importantly, NG-MAST is easier to perform than opa-typing, and comparisons between isolates are much simpler as sequence data are precise and unambiguous. Two arrows between individuals denotes mutual naming. The period between the visits of the contacts to the clinic are indicated. 
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